L-Phenylalanine and L-tyrosine were completely catabolized through homogentisate by Streptomyces setonii 75Vi2 but only partially degraded by Streptomyces badius 252, Streptomyces sioyaensis PS, Streptomyces viridosporus T7A, and Streptomyces sp. strain V7. Intermediates of catabolism were confirmed by thin-layer, gas, and high-pressure liquid chromatography. Homogentisate 1,2-dioxygenase was present in all cell extracts.
Several catabolic pathways for the aromatic amino acids L-phenylalanine and L-tyrosine have been reported in various organisms (3, 9, 15) but not in the genus Streptomyces. Streptomyces verticillatus is capable of converting L-phenylalanine to cinnamamide (2) . Streptomyces spp., including Streptomyces setonii 75Vi2, Streptomyces sioyaensis P5, Streptomyces viridosporus T7A, and Streptomyces sp. strain V7, metabolize substituted aromatic acids (1, 11, 16, 17) , and several Streptomyces spp. are known to degrade the aromatic polymer lignin (4, 5, 6, 10) . In the present paper we report on the pathways by which selected Streptomyces strains catabolize L-phenylalanine and L-tyrosine.
Flasks were inoculated with spores from stock slants grown on yeast extract-malt agar and kept at 4°C for 2 to 12 weeks (13) . Streptomyces strains used were Streptomyces badius 252 (10), S. setonii 75Vi2 (11), S. sioyaensis P5, S. viridosporus T7A, and Streptomyces sp. strain V7 (16) .
For catabolism of aromatic amino acids, each culture was inoculated into 100 ml of liquid medium in a 250-ml flask with 0.05% (wtlvol) L-phenylalanine or L-tyrosine, 0.005% (wt/vol) yeast extract (Difco Laboratories, Detroit, Mich.), and mineral salts solution [5.3 g of Na2HPO4, 1.98 g of KH2PO4, 1.0 g of (NH4)2SO4, 0.2 g of MgSO4 7H20, 0.2 g of NaCl, 0.05 g of CaC12 * 2H20, and trace elements (12) per liter of deionized water (pH 7.1 to 7.2)]. Cultures were incubated with shaking at 100 rpm and 37°C. Utilization of aromatic amino acids was monitored by a change in or disappearance of L-phenylalanineor L-tyrosine-specific UV absorption spectra (225 to 375 nm) from the culture medium over time (16) .
For determination of dioxygenase activity, each culture was also shaken at 37°C in 1 liter of L-phenylalanine or L-tyrosine medium, and amino acid catabolism was followed by monitoring the disappearance of UV-absorbing substances over time as described above. After 4 to 7 days of incubation (late log phase), when ca. 75% of the absorption was gone, cells were harvested by filtration and cell extracts were prepared by sonic disruption (16) . Extract-specific activities for ring-cleavage dioxygenases produced by each Streptomyces strain grown on each amino acid were assayed by using an oxygen electrode for catechol, gentisate, homogentisate, homoprotocatechuate, and protocatechuate dioxygenases (6, 16 was further demonstrated spectrophotometrically by measuring the production of maleylacetoacetic acid at 330 nm (7) . Dioxygenase production in the absence of the amino acids was examined for each Streptomyces strain as described above, except that cells were harvested after 24 h of incubation in a 0.05% (wt/vol) yeast extract-mineral salts medium (16) .
The catabolism intermediates were determined by thinlayer chromatography (TLC), gas chromatography (GC), and high-pressure liquid chromatography (HPLC). Filtrates were acidified to pH 1 to 2, extracted twice with ether, and concentrated by evaporation, or directly applied to TLC plates as 50-,u samples (15) . TLC was performed on 250-,um-thick silica gel plates of Adsorbosil-Plus 2 (Applied Science Lab, State College, Pa.) with a mobile phase of benzene-dioxane-glacial acetic acid (90:25:4, vol/vol/vol) or benzene-methanol-glacial acetic acid (45:8:4, vol/vol/vol). Aromatic compounds were detected by spraying the plates with a solution of 1% (wt/vol) K3Fe(CN)6 and 1% (wt/vol) FeCl3 * 6H20 which were prepared separately and freshly mixed (1:1, vol/vol) before use (18) . Amino acids were detected by spraying the plates with a solution of 0.3 g of ninhydrin in 100 ml of butanol and 3 ml of glacial acetic acid (18) . For GC, trimethylsilyl derivatives of 3-mg samples were prepared and examined by procedures described by Pometto et al. (11) , except for a 2-h incubation at 35°C for the formation of trimethylsilyl derivatives. The Rf and retention time for each intermediate examined by TLC and GC are given in Table 1 . For HPLC, filtered samples of the culture broth or of solvent-extracted residues suspended in water-methanol (1:1, vol/vol) were injected into a 5-,ul sample-applying loop. HPLC was performed on a Hewlett Packard 1090A chromatograph with diode array detector 1040A (Hewlett Packard, Bellevue, Wash.). The spectra (at 250 to 350 nm) were recorded for the front, apex, and back side of each chromatographic peak. Wavelengths for the pilot chromatograms were 274 nm for L-tyrosine and 258 nm for L-phenylalanine intermediates. A Hewlett Packard microbore reverse-phase column (100 by 2.1 mm [inside diameter]) of Hypersil ODS with 5-,um particle diameter was used with 0.02 M acetic acid (flow rate, 0.4 ml/min) with 20% methanol for L-tyrosine and 0.02 M acetic acid with 60% methanol for L-phenylalanine pathway intermediates. The retention time and absorption maximum for each intermediate are given in Table 2 . c N,O-Bis(trimethylsilyl)acetamide derivatives were prepared and gas chromatographed as previously described (11) , except that derivatives were prepared by heating at 35°C for 2 h. d Primary peak. a A microbore reverse-phase column, Hypersil ODS, with 5-,um particle diameter and 0.4-mI/min flow with a two-pump system was used. b Based on the absorption spectrum between 250 and 350 nm.
L-Phenylalanine and L-tyrosine were completely catabolized only by S. setonii, and each catabolism intermediate ( Fig. 1) was confirmed by TLC, GC, and HPLC. S. viridosporus converted ca. 30% of the L-phenylalanine to a mixture of phenylpyruvate and phenylacetate. S. sioyaensis, S. viridosporus, and Streptomyces sp. strain V7 turned the L-tyrosine medium wine-colored, and there was a concomitant disappearance of L-tyrosine from the medium. This was probably due to melanin production. UV absorption spectra of culture filtrate samples developed a shoulder at 310 nm, indicating tyrosinase activity (14) . All five strains produced homogentisate 1,2-dioxygenase (EC 1.13.11.5) in media containing L-phenylalanine or Ltyrosine (Table 3 ). In the medium without either amino acid, homogentisate 1,2-dioxygenase was present at low specific activities (0.004 to 0.009) for all the cultures except S. viridosporus, which produced none. This low level of dioxygenase for four of the five cultures probably occurred in response to low levels of L-phenylalanine or L-tyrosine in the yeast extract, supporting the gratuitous induction of homogentisate dioxygenase in S. badius, S. sioyaensis, S. viridosporus, and Streptomyces sp. strain V7. S. setonii and Streptomyces sp. strain V7 also induced protocatechuate 3,4-dioxygenase in both amino acid media, and S. sioyaensis induced protocatechuate 3,4-dioxygenase only in L-phenylalanine medium. However, no protocatechuate was ever detected in any supernatant, and gratuitous induction of this enzyme in these Streptomyces spp. has been reported previously (11, 16) . This is the first report of homogentisate 1,2-dioxygenase production by these Streptomyces spp. L-Phenylalanine is commonly catabolized via L-tyrosine and homogentisate and has been reported to be degraded via phenylpyruvate in (7) in all cases. c ND, Not detected.
Vibrio spp. (8) . To the best of our knowledge, this is the first report of aromatic amino acid catabolism in the genus Streptomyces.
